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http://dx.doi.org/10.1016/j.jds.2012.0Abstract Adenomatoid odontogenic tumor (AOT) occurs more frequently in the maxillary
anterior region. Recurrence of AOT after surgical excision is very rare. In this case report,
we describe a left posterior mandibular AOT case that exhibited three recurrences after sur-
gical removal. A 25-year-old female patient was first seen by an oral surgeon in a regional hos-
pital with the chief complaint of a swelling at the left mandibular molar region. The tumor was
removed by enucleation. Five years later, the tumor recurred at the same region. The patient
was referred to our hospital for treatment, and the recurrent tumor was widely excised. The
pathological report was an extrafollicular AOT. Eleven years later, the tumor recurred again. It
was removed using segmental mandibulectomy with titanium plate reconstruction. The path-
ological report was also an extrafollicular AOT. Nine months later, the mandibular bone defect
was further reconstructed by a segment of iliac bone graft fixed by a new titanium plate and
screws. Twenty-eight years after the initial surgery, the tumor recurred again in the alveolar
mucosa covering the graft bone. It was further excised, and the pathological report was a pe-
ripheral AOT with the presence of amyloid materials and globules of ghost cells. Our AOT case
recurred thrice after two conservative excisions and one more radical surgical resection. The
multiple recurrences of the tumor indicate the importance of initial complete resection of theof Dentistry, Far Eastern Memorial Hospital, Number 21, Section 2, Nanya S. Road, Banciao District,
u.tw (Y.-S. Kuo).
iation for Dental Sciences of the Republic of China. Published by Elsevier Taiwan LLC. All rights reserved.
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at the left posterior submandibular
cortical plate of the left posterior
lesion in the left posterior edentulotumor. In addition, our case may represent the first reported AOT with the presence of ghost
cells in the tumor tissue.
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Elsevier Taiwan LLC. All rights reserved.Introduction
Adenomatoid odontogenic tumor (AOT) is a benign epithe-
lial tumor of odontogenic origin. It is most commonly
encountered in young patients, especially in the 2nd decade
of life. Females are affected by AOT more frequently than
males. Maxilla is the predilection site of occurrence, almost
twice as often as the mandible, and the anterior part of the
jaw is more frequently involved than the posterior part. An
unerupted maxillary canine is the tooth most commonly
associated with AOT.1e5 Clinically, AOT usually presents as
a slow-growing and symptom-free tumor in the jaw bone. In
large-series studies of odontogenic tumors, AOTs arec photographs of the patient on
area. (B) Occlusal radiograph e
edentulous mandibular bone. (
us mandibular bone.recognized as the second or fourth most common odonto-
genic tumor and constitute 1e12.4% of all odontogenic
tumors.6e13
In this case report, we describe an AOT occurring in an
unusual locationdon the left posterior mandible of a 25-
year-old female patient. Three recurrences of the AOT
were found 5, 16, and 28 years after the initial enucleation
of the tumor. Moreover, the tumor was initially diagnosed
as an extrafollicular AOT that transformed into a peripheral
AOT at the third recurrence. In addition, our AOT case
showed the presence of globule of ghost cells in the tumor
tissue. It was a very unique feature that has not been re-
ported in previously reported AOT cases in the literature.July 7, 1983. (A) Clinical photograph showing a swelling mainly
xhibiting the first recurrent tumor protruding from the lingual
C) Panoramic radiograph revealing a well-defined radiolucent
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On July 7, 1983, a 30-year-old female patient came to the
Department of Oral and Maxillofacial Surgery, National
Taiwan University Hospital, with the chief complaint of a
swelling at the left mandibular molar and submandibular
region for several months (Fig. 1A). The patient stated that
she had received a surgical excision of the tumor at the left
posterior mandible with extraction of teeth #36 and #37
about 5 years ago. The occlusal radiography showed a
tumor protruding from the lingual cortical plate of the left
posterior edentulous mandibular bone (Fig. 1B). Moreover,
panoramic radiography revealed a well-defined radiolucent
lesion in the left posterior edentulous mandibular bone
(Fig. 1C). The patient was admitted, and surgical excision
of the tumor was performed under general anesthesia. The
pathological report was a recurrent extrafollicular AOT,
because the oral pathologist suspected that this tumor was
a recurrent lesion of the mass excised 5 years ago.
The patient was followed up once per 3e6 months under
a regular schedule. Eleven years after the second surgery
(performed in 1983), the patient was found to have a
recurrent lesion at the same left posterior mandibular
edentulous region (Fig. 2A). Therefore, a segmental man-
dibulectomy after extraction of tooth #35 was performed
(Fig. 2B). The bone defect was reconstructed using a tita-
nium plate (Fig. 2C). The pathological examination of the
excised specimen showed a recurrent extrafollicular AOT.Figure 2 Clinical and radiographic photographs of the patient.
showing the second recurrent tumor at the left posterior mandib
mandibulectomy demonstrating the clear-cut bone section margi
reconstruction of the mandibular bone defect with a titanium platNine months later, a painful swelling due to loosening of the
previous titanium plate and screws was discovered;
consequently, the old titanium plate and screws were
removed and the mandibular bone defect was further
reconstructed with a segment of the iliac bone graft fixed
by a new titanium plate and screws (Fig. 3A and B). Because
the panoramic radiography revealed the intimate union of
the iliac bone graft to the remaining mandibular bone, the
second titanium plate and screws were removed 18 months
after the iliac bone grafting (Fig. 3C).
The patient was observed to be in a good general con-
dition, and the intervening years were uneventful until a
palpable mass was noted on the left mandibular edentulous
alveolar ridge on February 15, 2006 (Fig. 4A and B). The
mass was suspected as a recurrent AOT. Because the
panoramic radiography showed no invasion of the tumor
into the underlying bone (Fig. 4C), the mass with the
covering alveolar mucosa was widely excised (Fig. 4D). The
alveolar mucosal wound healed uneventfully 6 weeks later
(Fig. 4E). The patient was followed up once every 6 months,
and no further recurrence of the lesion was found until
February 2012.
The pathological examination of the surgical specimen
showed a tumor composed of ductlike structures in sheets
of odontogenic epithelium (Fig. 5A and B), broad trabec-
ulae of amyloid materials, and eosinophic globules of ghost
cells in a connective tissue stroma (Fig. 5C). Immunohis-
tochemical staining demonstrated that the tumor cells and(A) A photograph taken during the surgical excision procedure
le (black arrows). (B) A photograph taken after a segmental
ns and the bone defect. (C) Panoramic radiograph exhibiting
e and screws.
Figure 3 Clinical and radiographic photographs of the patient. (A and B) Panoramic radiograph and clinical photograph showing
reconstruction of the mandibular bone defect with a segment of iliac bone graft fixed by a titanium plate and screws. (C) A
photograph taken after removal of the titanium plate and screws demonstrating an intimate union of the iliac bone graft to the
remaining mandibular bone.
Adenomatoid odontogenic tumor 219ghost cells were positive for cytokeratin (Fig. 5D). Congo
red stain showed that the amyloid trabeculae were orange
in color (Fig. 5E) and exhibited apple-green birefringence
when viewed with polarized light (Fig. 5F).Discussion
The unique features of this case included the occurrence of
the AOT in an unusual location (the left mandibular molar
region), the repeated recurrences of the tumor, the
transformation of an extrafollicular AOT into a peripheral
AOT, and the presence of amyloid materials and globules of
ghost cells in the tumor tissue. AOTs occurred most
commonly in the anterior segments of the jaws, especially
in the anterior part of the maxilla.1e5 Only a few cases of
AOT are reported to arise from the molar region of the
mandible.5,14e16
In a study of the biologic profile of AOT based on 499
cases, no documented recurrent cases have been re-
ported.2 Although the repeated recurrence of our AOT case
may be attributable to the incomplete surgical excision of
the tumor, the experience we gained from our case sug-
gests that the initial complete resection of the tumor is the
most important guarantee for nonrecurrence.
Topographically, those AOTs occurring in the jaw bone
are called the central (intraosseous or intrabony) type,which can be further classified into follicular (with
embedded tooth) and extrafollicular (no embedded tooth)
subtypes. The peripheral (extraosseous or gingival) type of
AOT is relatively few in number.17 In the third recurrence of
our AOT case, the tumor was totally confined in the alveolar
mucosa without invasion into the underlying graft bone.
Because the second recurrent lesion in our case was excised
with segmental mandibulectomy, all intraosseous tumor
tissues were supposed to be completely removed. Thus, we
suggest that the third recurrent AOT might have arisen from
the residual tumor tissue in the gingiva that was not excised
during the second surgery.
Regarding the differential diagnosis of AOT, the follicular
type may mimic a dentigerous cyst and the extrafollicular
type a residual or globulomaxillary cyst.18 Moreover, the
peripheral type of AOT may be misdiagnosed as a gingival
fibroma, a peripheral odontogenic fibroma, or a peripheral
cementifying or ossifying fibroma.18 In addition, central
AOTs usually present as radiolucent lesions with some
radiopaque foci that are easier percepted by periapical than
by panoramic radiography.1 These mixed radiolucent and
radiopaque lesions may mimic a calcifying odontogenic cyst,
a calcifying epithelial odontogenic tumor, an ameloblastic
fibro-odontoma, or an odontogenic fibroma.18
Histologically, amyloid materials are found in only
two types of odontogenic tumor: AOT and calcifying
epithelial odontogenic tumor. Amyloid material stains
Figure 4 Clinical and radiographic photographs of the patient at the third recurrence of the tumor in year 2006. (A and B) Clinical
photographs showing a mass (third recurrence) on the left mandibular edentulous alveolar ridge. (C) Panoramic radiograph
exhibiting no invasion of the tumor into the underlying bone. (D) The mass with the covering alveolar mucosa was widely excised.
(E) Clinical photograph demonstrating the well-healed alveolar mucosa 6 weeks after surgical excision of the tumor.
220 M.-J. Lang et almetachromatically with crystal violet and fluoresces under
ultraviolet light with thioflavin T. After Congo red staining,
the amyloid material exhibits apple-green birefringence
when viewedwith polarized light as that shown in our case.18
The other specific histological feature of our AOT case was
the presence of many eosinophilic globules of ghost cells in
the tumor tissue. Although the origin of these ghost cells is
not clear, they are suggested to originate from odontogenic
epithelial cells. Ghost cells are more frequently found in
calcifying odontogenic cysts. They are also discovered in
ameloblastic fibro-odontomas, complex and compound
odontomas, craniopharyngioma, acanthomatous-typed
ameloblastomas, and carcinomas.18 However, they are not
routinely found inAOT, andour casemaybe thefirst reported
AOTwith the presence of ghost cells in the tumor tissue.
Immunohistochemically, AOT tumor cells are positive for
cytokeratins AE1/AE3, 5, 14, 17, and 19, and are negative
for cytokeratins 4, 10, 13, and 18.4,8 AOT tumor cells are
also positive for proliferating cell nuclear antigen (PCNA; amean index of positivity is 64%),19 p53 (a mean index of
positivity is 7%),19 Ki-67 (2e3% tumor cells are positive),20
p63 (a progenitor or basal cell marker that is positive for
glandular cells and fusiform cells in whorled nests),20
sheathlin (tumor cells facing the eosinophilic droplets are
positive),21 amelogenin (tumor cells surrounding small
mineralized foci are positive),22 enamelin (tumor cells
surrounding small mineralized foci are positive),22 and
osteonectin (strong expression in spindle-shaped tumor
cells surrounding the ductlike structures, moderate
expression in other spindle-shaped and cuboidal cells, and
faint expression in columnar cells forming ductlike struc-
tures),23 matrix metalloproteinase (MMP)-1 (diffuse pattern
of tumor cell staining),24 MMP-9 (diffuse pattern of tumor
cell staining),24 and MMP-2 (focal pattern of tumor cell
staining).24 The greater expression of p53 in amelo-
blastomas than in AOTs may explain the more aggressive
nature of the ameloblastoma compared with the AOT.19
However, AOT tumor cells are negative for estrogen and
Figure 5 Hematoxylin and eosin-stained histological sections of the third recurrent peripheral adenomatoid odontogenic tumor
showing ductlike structures in sheets of odontogenic epithelium (original magnification: A, 10; B, 25), broad trabeculae of
amyloid materials (black arrows), and eosinophic globules of ghost cells (white arrows) in a connective tissue stroma (C; original
magnification, 25). The tumor cells and ghost cells are positive for cytokeratin (D; original magnification, 50). After Congo red
staining, the amyloid trabeculae are orange in color (E; original magnification, 10) and exhibit apple-green birefringence when
viewed with polarized light (F; original magnification, 10).
Adenomatoid odontogenic tumor 221progesterone receptors, suggesting that AOT tumor cells
are not hormone-dependent, although AOTs occur more
frequently in female patients.20 Moreover, AOT tumor cells
are also negative for bone morphogenic protein.25
In summary, this case report described a particular case
of AOT occurring in an unusual locationdon the left pos-
terior mandibular region. The tumor recurred thrice after
two conservative excisions and one more radical surgical
resection. The multiple recurrences of the tumor indicate
the importance of the initial complete resection of the
tumor. In addition, our case may be the first reported AOT
with the presence of ghost cells in the tumor tissue.
References
1. Toida M, Hyodo I, Okuda T, Tatematsu N. Adenomatoid odon-
togenic tumor: report of two cases and survey of 126 cases in
Japan. J Oral Maxillofac Surg 1990;48:404e8.
2. Philipsen HP, Reichart PA, Zhang KH, Nikai H, Yu QX. Adeno-
matoid odontogenic tumor: biologic profile based on 499 cases.
J Oral Pathol Med 1991;20:149e58.3. Arotiba GT, Arotiba JT, Olaitan AA, Ajayi OF. The adenomatoid
odontogenic tumor: an analysis of 57 cases in a black African
population. J Oral Maxillofac Surg 1997;55:146e50.
4. Leon JE, Meta GM, Fregnani ER, et al. Clinicopathological and
immunohistochemical study of 39 cases of adenomatoid
odontogenic tumor: a multicentric study. Oral Oncol 2005;41:
835e42.
5. Swasdison S, Dhanuthai K, Jainkittivong A, Philipsen HP. Ade-
nomatoid odontogenic tumors: an analysis of 67 cases in a Thai
population. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2008;105:210e5.
6. Mosqueda-Taylor A, Ledesma-Montes C, Caballero-Sandoval S,
Portilla-Robertson J, Ruiz-Godoy Rivera LM, Meneses-Garcia A.
Odontogenic tumors in Mexico: a collaborative retrospective
study of 349 cases. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod 1997;84:672e5.
7. Adebayo ET, Ajike SO, Adekeye EO. A review of 318 odonto-
genic tumors in Kaduna, Nigeria. J Oral Maxillofac Surg 2005;
63:811e9.
8. Handschel JG, Depprich RA, Zimmermann AC, Braunstein S,
Kubler NR. Adenomatoid odontogenic tumor of the mandible:
review of the literature and report of a rare case. Head Face
Med 2005;1:3.
222 M.-J. Lang et al9. LadeindeAL,AjayiOF,OgunleweMO,et al.Odontogenic tumors:
a review of 319 cases in a Nigerian teaching hospital. Oral Surg
Oral Med Oral Pathol Oral Radiol Endod 2005;99:191e5.
10. Buchner A, Merrell PW, Carpenter WM. Relative frequency of
central odontogenic tumors: a study of 1,088 cases from
Northern California and comparison to studies from other parts
of the world. J Oral Maxillofac Surg 2006;64:1343e52.
11. Sriram G, Shetty RP. Odontogenic tumors: a study of 250 cases
in an Indian teaching hospital. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod 2008;105:e14e21.
12. Saghravanian N, Jafarzadeh H, Bashardoost N, Pahlavan N,
Shirinbak I. Odontogenic tumors in an Iranian population: a
30-year evaluation. J Oral Sci 2010;52:391e6.
13. Gupta B, Ponniah I. The pattern of odontogenic tumors in a
government teaching hospital in the southern Indian state of
Tamil Nadu. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2010;110:e32e9.
14. Nomura M, Tanimoto K, Takata T, Shimosato T. Mandibular
adenomatoid odontogenic tumor with unusual clinicopatho-
logic features. Oral Maxillofac Surg 1992;50:282e5.
15. Geist SM, Mallon HL. Adenomatoid odontogenic tumor: report
of an unusually large lesion in the mandible. J Oral Maxillofac
Surg 1995;53:714e7.
16. Sato D, Matsuzaka K, Yama M, Kakizawa T, Inoue T. Adeno-
matoid odontogenic tumor arising from the mandibular molar
region: a case report and review of the literature. Bull Tokyo
Dent Coll 2004;45:223e7.
17. Philipsen HP, Reichart PA. Adenomatoid odontogenic tumour:
facts and figures. Oral Oncol 1998;35:125e31.18. Neville BW, Damm DD, Allen CM, Bouquot JE. Oral and Maxil-
lofacial Pathology, 3rd ed. Philadelphia, PA: Saunders Elsevier,
2009. p. 28e31, 507e9, 646e8, 679e82, 695e7, 713e8, 721,
722, 726e9.
19. Salehinejad J, Zare-Mahmoodabadi R, Saghafi S, et al. Immu-
nohistochemical detection of p53 and PCNA in ameloblastoma
and adenomatoid odontogenic tumor. J Oral Sci 2011;53:
213e7.
20. Vera Sempere FJ, Artes Martinez MJ, Vera Sirera B, Bonet
Marco J. Follicular adenomatoid odontogenic tumor: immuno-
histochemical study. Med Oral Patol Oral Cir Bucal 2006;11:
E305e8.
21. Takata T, Zhao M, Uchida T, Kudo Y, Sato S, Nikai H. Immu-
nohistochemical demonstration of an enamel sheath protein,
sheathlin, in odontogenic tumors. Virchows Arch 2000;436:
324e9.
22. Saku T, Okabe H, Shimokawa H. Immunohistochemical
demonstration of enamel proteins in odontogenic tumors.
J Oral Pathol Med 1992;21:113e9.
23. Modolo F, Biz MT, Martins MT, deSousa SOM, de Araujo NS.
Expression of extracellular matrix proteins in adenomatoid
odontogenic tumor. J oral Pathol Med 2010;39:230e5.
24. Ribeiro BF, Iglesias DPP, Nascimento GJF, Galvao HC,
Medeiros AMC, Freitas RA. Immunoexpression of MMPs-1, -2,
and -9 in ameloblastoma and odontogenic adenomatoid tumor.
Oral Dis 2009;15:472e7.
25. Gao YH, Yang LJ, Yamaguchi A. Immunohistochemical demon-
stration of bone morphogenetic protein in odontogenic tumors.
J Oral Pathol Med 1997;26:273e7.
